Abstract-Vegetable oils are being considered as potential alternatives to mineral oil, due to their better environmental performance and for their high fire point. Although these liquids have been used in distribution transformer, it is still a significant step to adopt vegetable oils in power transformer due to high cost and high level of safety and reliability required in service for these units. Vegetable oils such as Palm oil (PO), Corn oil (CO), and Rice Bran oils (RBO) offer suitable alternative for mineral oil. It is anticipated that most of the unaged oil could satisfy the minimum requirement for dielectric insulation liquids in transformer. However, since transformers in service could be subjected to heat and multiple environmental parameters, the oil could be subjected to ageing. The chemical properties of the oil may change and its performance could be affected by the presence of ageing-byproducts such as moisture and acids. Therefore, considering the application of new dielectric insulation liquids such as PO, CO and RBO in transformer, it is crucial to first examine its ageing performances at laboratory level. This paper focused on the effect of ageing on the electrical and physicochemical properties of PO, CO, and RBO. Sealed ageing experiments were set at 90°C for 30 days, 90 days and 180 days. Before the ageing process, the samples were dried in a vacuum oven at pressure less than 0.8kP at 85°C for 48 hours in order to remove the moisture content in the oils. Then the oils were impregnated with the Kraft paper and continue to age for selected duration time. The electrical properties (relative permittivity, dielectric losses, resistivity and breakdown strength), mechanical properties (viscosity and tensile strength) and chemical properties (moisture and acidity) of the oils were measured throughout the ageing periods. It can be concluded that the laboratory accelerated thermal ageing experiment reveals that all vegetable oils in this study are resistant toward oxidation based on the stable viscosity and low acidity measurements of vegetable oils throughout the ageing duration even with the presence of oxygen. The AC breakdown voltages of vegetable oils can still comply with the recommended limit of new vegetable oil set by ASTM 6781 even after subjected to ageing. In general most of properties of vegetable oils are comparable with mineral oil.
I. INTRODUCTION
Insulating oil serves not only as electrical insulation but also as a cooling medium used in transformer. Insulating oil is subjected to the degradation because of the ageing, high temperature and chemical reactions of the oxidation. The insulating oil condition needs to be monitored regularly and maintained when necessary. This process is to ensure the reliable operation of oil and to avoid the sudden failure of the transformer [1] - [2] . It will be very desirable if the transformer oil remaining lifetime can be predicted, from time to time.
The mineral oil (MO) has been used as insulating liquid for many years. The main reason why the mineral oil is used as an insulating liquid is, it has a good insulation performance with cheaper in cost and it has a low flash point. However, due to the poor biodegradability characteristics of MO, there is still environmental concern to the utilities in case of leakages during operation or due to an accident. Many researchers have been carried out to looking at the alternative sources for insulating oil. The vegetable oil based insulating oil is known as the most potential source to replace the mineral oil because of its biodegradability [3] - [5] .
Based on previous research, electrical performance (breakdown strength characteristic) of vegetable oils has a good performance than the MO. Thus, this paper investigates the performance of ageing vegetable cooking oil impregnated paper that easily available in the market such as Palm oil (PO), Corn oil (CO) and Rice Bran Oil (RBO). In this study, the MO is still maintained as based insulating oil for comparison purposes.
Electrical properties and mechanical strength is the major parameters when choosing insulating oils for power transformer. The selected oil must indeed ensure the electrical insulation function as well as good impregnation of the different insulating component. The main oil properties are divided to the mechanical, chemical and electrical characteristics. It is important to have information on performance of the oil such as viscosity, breakdown voltage, relative permittivity, resistivity and dielectric losses [6] - [7] .
In this study, the aim is to examine how ageing affects the electrical performance, chemical properties and the mechanical properties of vegetable oils with impregnated paper.
II. EXPERIMENTAL SETUP

A. Preparation
Four types of oil impregnated paper of MO, PO, CO and RBO were investigated. MO used in this study is obtained from Hyrax Oil Sdn Bhd (commercial MO). The sizes of Kraft papers are 0.07mm x20mm (thickness x width) and the papers were cut accordingly in order to meet the predetermined ratio 1:70 of weigh oil and Kraft paper [8] . The PO, CO and RBO samples were obtained from readily available cooking oil in the market.
All samples were filtered individually for 3 cycles through a membrane filter with pore size of 0.2μm. It was found the oil is clean enough and oil contaminations could not decrease further even with more filter cycles. The samples were put into heat-resistant and sealed glass bottle. Sample of oils were dry into vacuum oven for 48 hours at 85°C and were left for another 24 hours at ambient temperatures (23-26°C) before oil impregnated papers were put inside the oils. In this study, samples were aged in oil impregnated paper at constant temperature at 90°C for 30 days, 90 days and 180 days.
B. AC Breakdown Voltage Test
The AC breakdown voltage measurements were measured using BAUR Oil tester DTA 100C according to IEC 60156 standards [3] . The test was carried out by using VDE electrode with a diameter of 36 mm installed horizontally facing each other at a gap distance of 2.5 mm. The volume of the oil in the test cell is around 400 ml each samples. AC voltage was applied across the electrodes of the test cell with an ascending rate of 2kV/s. A total of 100 readings of breakdown voltage were recorded for each type of samples.
C. Relative Permittivity, Dielectric Losses and Resistivity
The relative permittivity, dielectric losses and resistivity were measured according to IEC60247 standards [4] by using ADTR-2K PLUS oil tester. The temperature was set to 90°C. The volume of the oil in the test container is around 45 ml and the frequency was set to 60 Hz.
D. Viscosity
Viscosity was measured according to ASTM D445 using Brookfield R/S Plus Rheometer. All samples were tested at ambient temperature (26°C -27°C) with the volume of oil tested is 60 ml.
E. Tensile Strength of Impregnated Paper
Tensile strength was measured using Universal Testing Machine (UTM) according to the IEC 60554 standards [10] . A paper strip was clamped at each end between two jaws, and an increasing load was applied causing the clamps to move apart until the strip breaks at a certain force [11] - [12] .
F. Moisture of Oil
The moisture in oils affects adversely the dielectric properties of oil and also affects the paper insulation of the core and winding transformer. In this research the moisture of oils was measured by Karl Fischer Titrator (Coulometer) instrument. The volume of oil needed in test requirement is 1 ml.
G. Total Acid Number
The concentration of acid in oil can be determined by an amount of potassium hydroxide (KOH) needed to neutralize the acid in 10g of oil [19] . If oil becomes acidic, water content in the oil becomes more soluble to the oil. Acidity of oil is express in mg of KOH. The acidity of oils was measured by using a Digital Burette-Acid Number. Fig. 2 shows the relative permittivity of oil-impregnated paper with different ageing time. From this figure, it can be seen the relative permittivities for all samples increases when the ageing time increases. However, the increment of relative permittivities is not much significant. The range of relative permittivities of all vegetable oils is between 1.8 and 2.0, whereas for MO is between 1.38 to 1.50.
III. RESULT AND DISCUSSION
A. Electrical Properties of Oil Impregnated Paper with Different Time Ageing 1) Effect on AC Breakdown Voltage
respectively. The vegetable oils show higher AC breakdown voltage for ageing period than MO.
2) Effect on Relative Permittivity
The highest relative permittivities of all oils occur after 180 days of ageing time where PO having the highest value followed by CO, RBO and MO.
It is observed that the relative permittivity between vegetable oils and mineral oil is quite big. This is due to the presence of insulation paper that could increase the amount of water content due to cellulose decomposition. This will lead to the increase in real part of the relative permittivity of vegetable oil [14] . Meanwhile there was no significant change on the relative permittivity of MO in this study, which agreed with the previous finding [1] . The measurement result of dielectric losses for PO, CO, RBO and MO with different time ageing is shown in Fig. 3 .
3) Effect on Dielectric Losses
The dielectric losses of all tested oils slightly increased as ageing time increased from 30 days to 180 days with constant temperature at 90°C. The dielectric loss of RBO remains the highest throughout the ageing duration followed by CO, PO and MO. From the Fig. 3 , it can be seen that the vegetable oils have higher dielectric losses than mineral oil.
4) Effect on Resistivity
Resistivity of oil is desired to be as high as possible [15] . The resistivity of vegetable oils and mineral oil with different ageing times is shown in Fig. 4 . As shown in figure, resistivity of all tested samples decrease as the time ageing increase. It indicates the resistivity decrease gradually with time ageing due to presence of moisture, acidity etc [15] - [17] . From the figure also, it can be observed that the resistivity of MO is higher than vegetable oil due to the presence of moisture in MO is lower than vegetable oils. The parameter of cooling capacity of an insulating fluid is viscosity, which makes the viscosity to be an important parameter to the oils [15] .The viscosities for accelerated thermal ageing of vegetable oils and mineral oil are shown in Fig. 5 . The vegetable oils have much higher viscosities than the mineral oil for all ageing times. From Fig. 5 , it can be observed that, the viscosity is much higher at 30 days ageing time, but when the ageing time of 90 days and 180 days, the viscosities of the vegetable oils and mineral oil become stable. At ageing time of 180 days, the highest viscosities of CO, RBO, PO and MO are 0.0528Pa.s, 0.047Pa.s, 0.044Pa.s and 0.014Pa.s respectively.
2) Effect on Tensile Strength
The effect of tensile strength with different time ageing shows in Fig. 6 . From this Figure, it can be seen that, as the ageing duration increased the impregnated paper lost a part of its tensile strength. Also, it can be observed that the highest degradation of tensile strength of Kraft paper aged in oils are 25.49% in RBO, then 24.67% in PO, 20.66% in MO and 16.16% in CO. The strength of papers in all vegetable oils remain higher than suggested criterion of 50% or 25% retentions of tensile strength as mentioned in IEEE standard C75.91-1995. The effect on moisture of oil-impregnated paper with different ageing times is shown in Fig. 7 . From Fig. 7 , it can be observed that the trends of moisture in all vegetable oils are quite similar. There is a significant reduction of moisture in all vegetable oils as the ageing time increases.
The values of moisture at 30 days ageing time are between 1200ppm to 1500ppm and reduces to between 500ppm to 600ppm after 180 days of ageing time. On the other hand, the moisture in MO remains at a very low level throughout the ageing time. The vegetable insulating oils can hold considerably more water than the mineral oil [17] .
2) Effect on Total Acid Number
The total acid number of new insulating oil is normally very small [15] . Fig. 8 shows the total acid number for the vegetable oils and mineral oil after ageing at different time. As shown in Fig. 8 , the level of acidity in vegetable oils increased significantly as the ageing time increased. This result agrees with the previous studies [15] , where the presence of oxygen and moisture could accelerate the production of acids. However mineral oil has maintained lower acidity throughout the ageing process. The highest acidity level occurred in PO followed by CO, RBO and MO after 180 days of ageing time. From the dielectric losses viewpoint, mineral oil has the lowest dielectric loss from all the samples. The dielectric loss of RBO remains the highest throughout the ageing duration followed by CO, PO and MO. The MO is still a good choice in term of dielectric loss because the value of dielectric loss close to zero is the best for the transformer application. 2. For the same temperature level, vegetable oils possess higher relative permittivity than the mineral oil. This gives an advantage to the vegetable oils where the vegetable oils would be experiencing lower electric field stress than mineral oil [16] . 3. The resistivity of MO is higher than vegetable oil due to less presence of moisture in MO than vegetable oils. 4. Viscosity of mineral oil lowest compared to the vegetable oils. Good insulating oils should have low viscosity so that it offers less resistance to flows the oil. 5. Paper insulation impregnated in corn oil has the lowest lost part of its tensile strength than other vegetable oils and mineral oil. 6. The effect of moisture in oil impregnated Kraft paper shows that significant reduction for all vegetable oils. This shows that vegetable oils can hold more moisture than mineral oil, which is good for transformer application. 7. Vegetable oils produce higher acidity than mineral oil throughout the ageing duration. The acidity in mineral oil almost constant throughout the ageing duration.
